Severe Haze Episodes in 2014.
Two severe haze episodes were observed during the same winter period in 2014, each lasting approximately two days. The evolution of meteorological parameters and aerosol composition was classified into seven episodes shown in Fig.   S2 . Similar to the 2015 haze episode, the formation of these two episodes (F1 and F2, Fig. S2 ) was initiated by a change in air masses to the south, an increase of RH and a decrease of T. But, the evolution of the first haze episode (Ep2 and Ep3) was driven by southerly and southwesterly winds through the entire vertical layer (Fig. S2a) . The ground wind speed was low (< 2 m s -1 ) and higher wind speeds were observed at a higher altitude (> 6 m s -1 at 280 m). Under these conditions, the accumulation of secondary aerosol species was much slower than that in 2015. For example, it took nearly a day for sulfate and nitrate to reach approximately 20 µg m -3 , which was less than half the 2015 levels. The chemical composition of PM 1 during Ep2 was dominated by secondary aerosols, accounting for 58% on average. Sulfate, nitrate, and SOA were roughly equivalent contributing 13% to 15%. As indicated in Figure 3 , the evolution of this episode was influenced by mountain-valley breezes at 00:00 on November 26 (M1 in Fig. S2 ) that substantially reduced secondary aerosol species.
After the mountain-valley breezes disappeared and the wind direction switched back to southwesterly, aerosol species started to increase (Ep3) and the PM 1 mass concentration increased from 83 to 194 µg m -3 . Aerosol composition showed significant changes, with secondary aerosol species contributing 65% of PM 1 on average. In particular, sulfate increased and led to an enhancement in sulfate contribution from 14% to 20%. During this episode, variations in primary and secondary aerosol species were quite different. While the evolution of secondary aerosol species was principally driven by meteorological variations on a regional scale, primary aerosol species showed strong diurnal variations that appeared to be independent of meteorological conditions. Compared to the OA composition in the severe haze episode of 2015, POA was more significant than SOA in 2014, and accounted for 67% and 62% during Ep2 and Ep3, respectively. CCOA was the largest suggests that coal combustion emissions were the major source of OA during these two episodes. The footprint region of each episode was determined using two-day backward simulations of the Lagrangian particle dispersion model FLEXPART 2 driven by the meteorological field (spatial resolution = 10 km, time resolution = 1 hour). In this study, the meteorological simulations were carried out using the Weather Research and Forecast model version 3.4 (WRF) 3 with the National Centers for Environmental Prediction (NCEP) global reanalysis data as the initial and boundary conditions. There were two domains in the simulation with grid resolutions of 30 and 10 km, respectively, and 28 vertical levels. In addition, the Yonsei University (YSU) boundary layer scheme, the Kain-Fritsch convective parametrization , the WSM3 microphysics scheme, the Dudhia shortwave scheme and the RRTM longwave scheme 4, 5 were used in model simulations. Particle locations were then calculated with WRF-FLEXPART 6 . In the simulations, 10,000 tracer particles were released from the site at two heights, 50 m and 500 m, respectively, and the model was run backwards to determine the source areas and transport pathways of air pollutants during the specified period. A larger number of tracers in a cell indicated a greater impact from surface emission sources. A more detailed evaluation of WRF-FLEXPART is given elsewhere 7 . 
